ABSTRACT. Antioxidant activity was measured by ferric reducing ability of plasma (FRAP) assay in seven types of infusions prepared from commercial dried berry fruit products: Rosa canina, Vaccinium vitis-idaea, Hiphophae rhamnoides, Hibiscus sabdariffa and three fruit mixtures. Total polyphenols (TP), total anthocyanins and the polyphenolic compounds were determined by HPLC equipped with diode array detector. To estimate the amount of elements released from fruits into the water extracts, levels of Fe, Mn, Zn and Cu in dried samples and in infusions were determined by flame atomic absorption spectrometry. The correlation between polyphenols content and the antioxidant activities and the microelements in the infusions and the antioxidant activities were estimated using the Pearson's correlation test. The results showed a high, positive and significant correlation (r = 0.9465) between the FRAP values and TP content, meaning that the concentration of phenolic compounds may be a good indicator of the reducing capacity in the infusions. Correlations varied (positive, negative and weak) between antioxidant and mineral extractability of berry infusions. Among the polyphenolic compounds, gallic acid contributed particularly to the antioxidant capacity of the studied samples (r = 0.563). The correlation of antioxidants, total polyphenols with mineral extractability showed the influence of antioxidant compound on mineral bioavailability.
INTRODUCTION
Berry fruits are an important source of phytonutrients with considerable health benefits for human. Due to their high content in vitamins, phenolic compounds and minerals, they are widely recommended in the healthy human diet [1, 2] . Measurements of antioxidant activity using different methods in berry fruits lead to the conclusion that they have considerable high antioxidant capacity [3, 4] . It is considered that many of the health benefits associated with berry fruits dietary intake are linked to their high polyphenols content. As a consequence, a growing number of scientific reports attempting to clearly address this link are now available [5, 6] . A mixture of berry/wild fruits is used in winter time, to prepare various beverages considered as having both nutritional and therapeutic benefits. The traditional tisanes prepared by infusing the dried berry/wild fruits are nowadays rediscovered and plenty of commercial products containing dried berry/wild fruits promote their antioxidant effects against degenerative chronic diseases such as cancer, diabetes and atherosclerosis [1] .
Because it is relatively easy to produce food supplements containing dried berries, many companies produce such products. Due to their atractive flavours and special taste, these berry fruit teas are increasingly appreciated by the customers and are becoming popular beverages [7] . The most widely used wild fruits in the commercial dried fruit mixtures called berry fruit teas are: rose hip (Rosa spp fruits), sea buckthorn berries (Hiphophae rhamnoides fruits) and 2 lingonberries (Vaccinium vitis-idaea fruits). Also, in all those products added are Hibiscus sabdariffa calyces due to their high anthocyanins and organic acids content, which render to the infusion a purple red color as well as a sour fruity taste.
There are some studies regarding the amount of phenolic antioxidants in the berry fruit teas [8, 9] . However, there are not enough studies which determine the chemical composition mainly in bioactive molecules and selected microelements and to demonstrate the antioxidant potential of the infusions prepared and ingested by people [10] . Studies regarding the amount of mineral elements together with phenolic compounds and antioxidant activities were performed only in other popular herbal teas [11] , but not in the berry fruits infusions.
The aims of the present work was to asses the health benefits of the berry fruit teas infusions by: (i) quantifying the phenolic compounds; (ii) measuring the antioxidant activities; (iii) evaluating the amount of elements released from fruits into the water extracts. Correlations between different groups of phenolic compounds content and antioxidant activity as well as between some microelements and antioxidant activity could clarify the role of those molecules and ions in the protection against oxidative factors.
MATERIALS AND METHODS

Chemicals
All phenolic standards and solvents used in this work were of HPLC -grade (purity > 99%). Water, methanol, ethanol, and acetonitrile were purchased from Sigma Aldrich (Steinheim, Germany), 2,4,6-tripyridyl-s-triazine (TPTZ) and Folin-Ciocalteu reagents were obtained from Merck (Darmstadt, Germany). The phenolic standard containing gallic acid, 3-methyl gallic acid, caffeic acid, p-coumaric acid, ferulic acid, resveratrol, ellagic acid and cinamic acid was purchased from Sigma Aldrich (Steinheim, Germany). Standard solutions of Fe, Mn, Cu and Zn were prepared from 1000 mg element L -1 atomic absorption standard solutions (Merck Darmstadt, Germany).
Tea samples and preparation
Seven commercial berry fruit teas were purchased from local market (Table 1) . Prior to analysis, each of the sample was homogenized and ground into fine powder using a laboratory mixer. In order to simulate the ordinary household preparation conditions, tea infusions were prepared according to the instructions provided on the packaging. Tea infusions were prepared by boiling 80 mL of deionized water and pouring the boiling water over 2 g of the sample into a standardized Erlenmeyer flask. The tea infusion was stirred with a glass rod to ensure proper wetting, covered and steeped for 10 min (according to the producer's instructions). Subsequently, the steeped infusion was filtered through of 5 µm filter paper into a volumetric flask and diluted with deionized water to 100 mL. For HPLC detection of phenolic compounds in the infusions, the samples were filtered using 0.45 µm (Millipore -Sigma) filters before injecting into the columns.
Total anthocyanins determination
The total anthocyanins (ACN) were determined using the pH-differential method described by Giusti and Wrolstad [12] . Absorbencies were read at 510 nm for ACN content and 700 nm for haze correction using an UV-Visible spectrophotometer (Jasco V-630). Concentration of total anthocyanins was calculated as cyanidin-3-glucoside/100 mL infusion. The difference in absorbance values at pH 1.0 and 4.5 was directly proportional to ACN concentration. The pH of infusions was measured potentiomertically with a pH meter (WTW Inolab Level 1, Wielheim, Germany). 
Determination of total phenolic content
The total phenolic content was determined using the Folin-Ciocalteu reagent according to Singleton method [13] . Gallic acid was used as a calibration standard and results were expressed as gallic acid equivalents (mg GAE/100 mL infusions). For this purpose, an aliquot (1 mL) of infusion was added to 1 mL of the Folin-Ciocalteu reagent (diluted 1:1 with distillated water) and then add to 25 mL with distillated water (solution B). 1 mL of solution B was mixed with 20% sodium carbonate solution till 5 mL total volume. After 40 min storage in the dark, at room temperature, the absorbance was measured at 725 nm, versus prepared blank, using Jasco V-630 UV-VIS Spectrophotometer (Japan). The correlation equation constructed with gallic acid (1 to 10 mg L -1 ) was y = 0.0794x -0.0055 (R 2 = 0.9991) and the limit of detection was 3.26 mg L -1 .
Determination of phenolic compounds by HPLC
Chromatograhic analyses of common phenolic compounds were performed on an Agilent 1200 HPLC system, equipped with a diode array detector (DAD), quaternary pump, and an autosampler (Agilent Technologies, Santa Clara, CA, USA), using a reference method (USP 30-NF25, 2007), [14] . Phenolic acids were separated on a Zorbax XDB C18 analytical column (250 mm x 4 mm, i.d. 5 µm size) maintained at 35 o C. The mobile phase used in the analysis consisted of 0.1 % phosphoric acid in water (solvent A) and acetonitrile (solvent B). The solvent gradient conditions for phenolic compounds in volume ratio were as following: 0-13 min 10% B, 13-14 min 22% B, 14-17 min 40% B, 17-17.5 min 10% B and 17.5-22 min 10% B.
The injection volume was 20 µL and the flow rate was 1.5 mL/min and the chromatogram was recorded at 310 nm. Calibration curves were built for each of the compounds by injecting the standards at six different concentrations. DAD response was linear for all phenolic acids within the calibration range of 0.22 -0.50 mg mL -1 , with correlation coefficients exceeding 0.9953. The results were expressed as mg/100 mL infusion. The identification of phenolic compounds was performed by comparison of retention times and diode array spectral characteristics with standards and the quantification was based on the peak area calculation.
Antioxidant capacity
Ferric reducing antioxidant power (FRAP) assay. The ferric reducing antioxidant power (FRAP) assay was performed according to Benzie et al. [15] method. FRAP reagent was 4 prepared by mixing 2.5 mL 10 mM TPTZ (2,4,6-tripyridyl-s-triazine) in 40 mM HCl and 2.5 mL of 300 mM acetate buffer (pH = 3.6) and 2.5 mL of 20 mM FeCl 3 ·6H 2 O. The FRAP reagent was added to 1 mL of each extract and the mixture was shaken. Reagent blank was prepared by adding 1 mL of water instead of fruit tea. Absorbance readings of tea samples and the reagent blank were taken after 4 min, at 593 nm using an UV-Visible spectrophotometer (Jasco V-630). The antioxidant activity was calculated from calibration curve (y = 0.6721x -0.0086) with a range 0.1 -1.2 mM FeSO 4 /L and with good linearity (R 2 = 0.9998). The results, obtained from triplicate analyses, were expressed in mM FeSO 4 /L infusion.
Determination of microelements content
In order to evaluate the amount of microelements released into the water extracts, mineral elements in dried fruits and the infusions were analysed.
Preparation of samples.
For the determination of the mineral content in berry fruits, homogenized material (5 g each) was processed by the dry-ashing method [16, 17] . Powdered samples, with three replicates taken from each material, were accurately weighed and placed each in a porcelain crucible, and few drops of concentrated nitric acid was added to the aid ashing. The dry-ashing process was carried out in a muffle furnace by stepwise increase of the temperature up to 550 o C and the samples left to ash at this temperature for 6 h. The ash was kept in desiccators and then rinsed with 3 M hydrochloric acid. The ash suspension was filtered into a volumetric flash (50 mL) through Whatman filter paper and the volume was made up to the mark with hydrochloric acid. For the infusions, the samples were filtered and evaporated to dryness and residue was prepared as above for the dry material.
Preparation of standards and analysis of samples. Working standards of Fe, Mn, Cu and Zn were prepared by diluting concentrated stock solution of 1000 mg L -1 with 0.25 mol L -1 nitric acid. Calibration curves were obtained by plotting absorbencies of working standards, determined in the same experimental conditions. Measurements of all of the above mentioned elements were determined in triplicates using a high resolution atomic absorption spectrometer ContrAA 700 (Analytik Jena AG, Germany) in an air-acetylene flame using a continuum radiation source. All calibration curves had linear correlation coefficients (R 2 ) higher than 0.998, indicating good linearity. Limits of detection (LOD) of each studied element were calculated as three times the standard deviation of ten measurements of independent reagent blank solutions. These values were 0.0086, 0.0008, 0.023 and 0.072 mg L -1 for Fe, Mn, Cu and Zn, respectively. Recoveries were calculated as differences in metals content in spiked and un-spiked samples relative to the spiked level. The recovery studies, with results between 94% and 97%, indicated the accuracy of the method.
Statistical analysis
All results were expressed as mean ± standard deviation (SD) of triplicate determinations. These evaluations were performed by one way ANOVA and statistical significance by Student's t test was carried to test any significant difference among means. The correlation values were assessed using Pearson correlation. Differences at p < 0.05 were considered significant.
RESULTS AND DISCUSSION
Anthocyanins content
The determination of total anthocyanins (ACN) was performed by pH-differential method and the results are shown in Table 2 . The highest ACN content was determined for mixed fruit infusions, from 9.072 to 11.94 mg C3GE/100 mL. BT1 and BT3 infusions exhibited the lowest anthocyanins content of 0.038 and 0.050 mg C3GE/100 mL. Due to limited information available in the literature on the ACN content in berry teas infusions, we could compare our results only with those obtained by other authors on berry fruits or juices. Comparing ACN content reported for raspberry and blackberry [18] , and for raspberry juice [19] , the average ACN content in the studied infusions was much lower (5.43 mg C3GE/100 mL). This is probably due to the fact that fruit juices are produced from fresh fruits, while fruit tea production includes some processing steps that may result in the degradation of anthocyanins. Taking into account the pH range of the infusions (2.17 -3.50), we could reasonably suppose that the anthocyanins are in their flavylium cation form, which contribute to the purple, red and yellow colors of the infusions, are stable and do not turn into other flavonoid compounds. Table 2 presents the total polyphenolic content (TP) and the antioxidant capacity (FRAP) determined for the seven types of berry fruit infusions. The highest TP content was determined for BT1 infusion (89.69 mg/100 mL GAE) followed by BT2 and BT4 infusions (25.45 and 25.13 mg/100 mL GAE), while BT3 sample showed the lowest TP content (12.00 mg/100 mL GAE). There is a 7.5 fold difference between the highest and the lowest considered infusion in terms of total polyphenolic content.
Total polyphenols and phenolic compositions
In comparison with the TP content reported by other authors in mixture fruit infusions (from 323.4 to 1549 mg/L GAE) [20] , or juices (642.1 mg/L in raspberry fresh juice [19] , the average TP content of our studied infusions was much lower (29.59 mg/100 mL GAE). The differences may be related to the cultivars, environmental conditions, fruit maturity and drying procedures, which can lead to the degradation of phenolic compounds.
Seven phenolic acids including two hydroxybenzoic acids (gallic, 3-methyl gallic) and five hydroxycinnamic acids (chlorogenic, cinnamic, caffeic, p-coumaric, ellagic) were identified by comparison with the retention times of standards under identical conditions (Table 3) . Typical HPLC-DAD chromatograms for standard compounds (a) and phenolic compounds in Vaccinium vitis-idaea infusions (b) are presented in Figure 1 . The quantitative data were calculated from their respective calibration curves and amounts of identified phenolic compounds by chromatographic method are summed up in Table 4 .
In all the infusions prepared from a single fruit/flower species (samples 1-4) the phenolic compounds detected using HPLC were lower than literature reported for fresh fruits [21] [22] [23] [24] .
Generally, the amount of various polyphenolic compounds detected in the commercial mixtures was lower than in the infusions prepared from single plant product (samples 1-4). The fact is sustained also by the total polyphenolic content ( Table 2 ) which shows that samples 5-7 contains lower amounts of polyphenolic compounds than the infusions prepared from rose hip and Hibiscus. Even those infusions contain less polyphenols, their antioxidant activities were remarkable (Table 3) , probably due to other undetected compounds or to the synergic effect of mixture compounds. 
Antioxidant activity
In addition to anthocyanins, other compounds (flavonoids, phenolic acids, vitamins) can contribute to the protective effect against damage of cells. Since the antioxidant capacity of individual dietary compound cannot always be evaluated, the determination of total capacity allows a more realist evaluation of the potential protective effect of a food. Several methods have been developed to evaluate the total antioxidant capacity of fruits and vegetables. One of this is FRAP assay, which is a simple, convenient and reproducible method that is now widely employed in the antioxidant studies of food samples, plant extracts and beverages [25] . The antioxidant capacity of studied infusions varied considerably (p < 0.05) and range from 2.31 to 19.45 mM FeSO 4 /L ( Table 2 ). The order of FRAP values was as follows: Rosa canina dried fruits (BT1) > mixtures of dried berries (BT5, BT6, BT7) > Hibiscus sabdariffa dried calyces (BT4) > Hiphophae rhamnoides fruits (BT3) > Vaccinium vitis-idaea fruits (BT2).
These results indicate that the antioxidants present in the rose hip infusion (BT1) are in the highest amount, which is in agreement with the total polyphenolic compounds content found in this type of infusion. Buricova et al. [26] determined the antioxidant activity of 17 Czech medicinal plants. The authors found a good antioxidant activity in the watery and ethanol extracts of blueberry fruits by DPPH method (34.2 and 14.9 AA mg/g). Contrary to these results, in our study the berry fruits were found to contain low to moderate amounts of polyphenols and have low to moderate antioxidant activities, with significant variations from each other. It is known that the antioxidant activity of fruits is influenced by their phenolic composition [27] . In order to evaluate the contribution of phenolic compounds to the antioxidant activity of berry infusions, correlation coefficient was calculated. These was a strong, positive and significant correlation (r = 0.9465) between the FRAP values and TP content meaning that the concentration of phenolic compounds may be a good indicator of the reducing capacity in the infusions. Instead a lower, positive and not significant correlation was found between FRAP and ACN (r = 0.209). These results could indicate that other compounds, such as vitamin, unquantified phenolics, could be contributing to the antioxidant capacity of these infusions [28, 29] . The highest reducing capacity was found in rose hip (BT1) infusion (19.45 mM FeSO 4 /L) and the lowest in BT2 (2.31 mM FeSO 4 /L). The average reducing capacity of the seven studied berry fruit infusions was 6.99 mM FeSO 4 /L. As in other several studies [30] [31] [32] [33] , we found a quite good correlation between antioxidant activities measured by FRAP assay and the total polyphenolic content of the samples, which indicate that the polyphenols considerably contribute to total antioxidant capacity.
Significant positive correlation (p < 0.05) was found between the results of antioxidant assays (FRAP) and gallic acid (Pearson correlation, r = 0.563). The correlation coefficients between the other phenolic compounds and antioxidant activity were weak. Our results indicated that this compound contributed particularly to the total antioxidant capacity of the studied samples. This can be attributed to the structure of gallic acid characterized by the presence of several hydroxy groups, which exhibit a greater ability to donate a hydrogen atom and to support the unpaired electron.
Total and extractable microelements
It is well-known fact that plant species commonly used to prepare popular beverages (tisane, herbal tea) contain certain micro-elements and macro-elements, having as main source the soil and its profile. Therefore, their microelements concentrations in these beverages may vary with the fruit species, its preferential absorbability of the element, mineral composition of the soil in which the plant was grown and the climatic conditions [34] . On the other hand, the technology of the beverage processing, as well as the pH value of the extraction phase can influence the concentration of metals in the final product [35] .
All the microelements which were measured in our study are of major importance for human health [36, 37] . The results presented in Table 5 showed significant varietal (p < 0.05) differences in microelement content and extractability. The concentration of iron in dried fruits ranged from 3.97 mg/100 g in BT1 to 104.50 mg/100 g in BT4. Compared with the fresh berry fruits, the teas had higher content of iron, including strawberries (12.15 µg/g) and lingonberries (17 µg/g) [38] . Despite the higher amount of Fe found in berry fruit teas in this study, the bioavailability of this element is very low. Only 0.30 -6.79% of the total iron of berry teas studied was available for absorption. This could be attributed to the fact that the presence of polyphenols is usually associated with low extractability of minerals [39] .
The copper content in dried fruits ranged from 0.84 mg/100 g in the BT3 sample to 2.38 mg/100 g in mixture sample (BT5). The extractability study indicated that only 1.38 -38% from the total copper is available for absorption. Copper content of infusions varies significantly (p < 0.05), BT5 showing the highest percentage of extractability and BT1 the lowest one.
The zinc content of the dried fruits varied from 2.52 mg/100 g in BT1 to 14.34 mg/100 g in BT4 sample. On the other hand, Zn extractability of infusions varied significantly (p < 0.05) and ranged between 3.84% and 38.61%. Although BT3 had the lowest Zn content it showed the highest extractability. In contrast, the mixtures which had the highest Zn values, showed lowest extractability. This low extractability could be due to the presence of antinutritional factors such as polyphenols and flavonoids in berry infusions.
Manganese content of berry fruit teas ranged between 3.60 mg/100 g and 83.98 mg/100 g, the highest Mn content was found in BT4, whereas the lowest content was observed in BT4 sample. Manganese extractability in berry tea varieties were significantly different (p < 0.05) and were within the range of 6.67-47.83%, the Hibiscus sabdariffa infusion, having the highest level of Mn.
Regarding the extractability of microelements in berries fruit teas, according to their average extraction percentage, they can be ranged in the following order: Mn > Zn > Cu > Fe. Generally, with the exception of Mn, which present a moderate extractability, lower extractability was observed in the majority of microelements [40] . The correlation between antioxidant capacity and mineral extractability Table 6 present the correlation between total polyphenols, total anthocyanin contents, antioxidant capacity and the determined microelements in berry fruit infusions. Our results show that there were many correlations (positive, negative, weak) between antioxidant capacity and mineral extractability. Generally, positive correlations were observed between total polyphenols and Fe, Mn, Cu and Zn content in our research. Thus, total polyphenols content showed moderate correlation with Cu (r = 0.439), weak correlations with Mn (r = 0.352) and Zn (r = 0.375) and very weak correlation with Fe (r = 0.186). These results demonstrate that total polyphenols in berry infusions has a significant impact on enhancing the extractability of Cu and Mn bound with the ability to form chelated metal ions by polyphenol compounds and to retain them but Zn has smaller effect on the extractability of iron. In addition, these results are more effectively complex into the macromolecular structures by condensed flavonoids, reported for extracts of medicinal plants [41] . Table 6 . Correlation coefficient of antioxidant activity and mineral extractability of berry fruit infusions. Correlation is significant at p < 0.05.
Additionally, the FRAP was negatively correlated with Cu (r = -0.410), Mn (r = -0.273) and Zn (r = -0.274) and very weak correlated with Fe (r = 0.189). Regarding anthocyanins, we obtained positive and significant (p < 0.05) correlation between anthocyanins and Mn and Zn (r = 0.632 and r = 0.635, respectively), but weak correlation with Fe (r = 0.201). This is the first study on the correlation between antioxidant capacity and some microelement extractability on berries fruit infusions. The previous studies describe the correlation between polyphenols and antioxidant with mineral content in fruits or vegetables, but do not describe the correlation with mineral extractability [42, 43] .
CONCLUSION
The analyzed infusions, prepared according to the indications of the berry fruit teas producers, have a poor to medium polyphenols, anthocyanins and mineral elements content. There is a high, positive and significant correlation (r = 0.9465) between the FRAP values and TP content, meaning that the concentration of phenolic compounds may be a good indicator of the reducing capacity in the infusions. The significant antioxidant activities could recommend the infusions obtained from berry fruit teas as dietary supplements in winter time.
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